We have read with great interest the article by Kadoch and colleagues (1) . Their pharmacokinetic model indicates rapid distribution of intraventricular rituximab from cerebrospinal fluid (CSF) into neural tissues and serum.
These findings may have more general implications for intrathecal (IT) immunotherapy with monoclonal antibodies. IT trastuzumab was safe and effective in HER2-positive leptomeningeal carcinomatosis in a pooled analysis of several case reports (2) . On the basis of our own data of trastuzumab concentrations in serum and corresponding CSF levels, we have suggested that IT trastuzumab at a 3-weekly dose of 150 mg is effective against leptomeningeal carcinomatosis (3) .
Here, we report serum and CSF concentrations and clinical outcome of 3 consenting patients with leptomeningeal carcinomatosis from HER2-positive breast cancer treated with IT trastuzumab. All patients had prior whole brain radiotherapy for brain metastases but no need for radiotherapy for bulky leptomeningeal carcinomatosis. The time from first IT treatment to CSF clearance of malignant cells was 3, 2, and 1 months, respectively. Normalization of the meningeal contrast enhancement by MRI occurred after 4 months in 2 patients and after 3 months in one. The performance status improved substantially in all 3 patients. To date, one patient has died 12 months after the onset of leptomeningeal carcinomatosis due to a relapse after 10 months of response. The second patient died of cervical cancer 20 months after the onset of leptomeningeal carcinomatosis from breast cancer without evidence of leptomeningeal carcinomatosis recurrence. The third patient is in very good condition and in clinical and radiological complete remission 22 months after diagnosis of leptomeningeal carcinomatosis. So far, overall 45 IT trastuzumab applications have been performed uneventfully.
Serum and CSF trastuzumab trough concentrations as measured immediately before the next IT therapy indicate transfer of trastuzumab from the CSF into serum ( Table 1 ). The ELISA assay measures functionally active trastuzumab. Our findings are in line with the observations of Kadoch and colleagues (1) indicating an as-yet-undefined active elimination process for monoclonal antibodies from CSF into serum leading to relatively low CSF trastuzumab trough levels and high serum levels in the absence of intravenous application of trastuzumab. In early preclinical studies, trastuzumab concentrations above 10,000 ng/mL were associated with optimal inhibition of cell growth (4). The serum trough concentrations after IT trastuzumab (Table 1) almost matched those achieved after 3-weekly intravenous treatment (5) . Our data are compatible with the notion that therapeutically meaningful serum levels of trastuzumab may be achieved by IT administration.
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